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REVERSE-TURN MEMEUCS AND METHOD RELATING THERETO 



TECHNICAL FIELD 

The present invention relates generally to reverse-turn mimetic structures and 
to a chemical library relating thereto. 

BACKGROUND OF THE INVENTION 

Random screening of molecules tor possible activity as therapeutic agents has 
occurred for many years and resulted in a number of important drug discoveries. While 
advances in molecular biology and computational chemistry have led to increased 
interest in what has been termed "rational drug design," such techniques have not 
proven as fast or reliable as initially predicted. Thus, in recent years there has been a 
renewed interest and return to random drug scn^ening. To this end, particular strides 
having been made in new technologies based on the development of combinatorial 
chemistry libraries, and the screening of such libraries in search for biologically active 
members. 

In general, combinatorial chemistry libraries are simply a collection of 
molecules. Such libraries vary by the chemical species within the library, as well as tie 
methods employed to both generate the library members and identify which members 
interact with biological targets of interest While this field is still young, methods for 
generating and screening libraries have already become quite diverse and sophisticated. 
For example, a recent review of various combinatorial chemical libraries has identified 
a number of such techniques (Dolle, /. Com. Chem., 2(3): 383-433, 2000), including the 
use of both tagged and untagged library members (Janda, Proc Nail Acad. ScL USA 
91:10779-10785, 1994). 

Initially, combinatorial chemistry libraries were generally limited to members 
of peptide or nucleotide origin, lb this end, the techniques of Houghten et al. illustrate 
an example of what is termed a "dual-defined iterative" method to assemble soluble 
combinatorial peptide libraries via split synthesis techniques (Nature (London) 354:84- 
86, 1991; Biotechniques 13:412-421, 1992; Bioorg. Med Chem. Lett 3:405-412, 1993). 
By this technique, soluble peptide libraries containing tens of millions of members have 
been obtained Such libraries have been shown to be effective in the identification of 



opioid peptides, such as methionine- and leucine-enkephalin (Dooley and Houghten, 
Life ScL 52, 1509-1517, 1993), and a N-acylated peptide library has been used to 
identify acetalins, which are potent opioid antagonists (Dooley et al, Proc Natl. Acad. 
ScL USA 90:10811-10815, 1993. More recently, an all D-amino acid opioid peptide 
library has been constructed and screened for analgesic activity against the mu ("p ") 
opioid receptor (Dooley et al, Science 266 ^01 9-2022, 1994). 

While combinatorial libraries containing members of peptide and nucleotide 
origin are of significant value, there is still a need in the art for libraries containing 
members of different origin. For example, traditional peptide libraries to a large extent 
merely vary the amino add sequence to generate library members. While it is well 
recognized that die secondary structures of peptides are important to biological activity, 
such peptide libraries do not impart a constrained secondary structure to its library 
members. 

To this end, some researchers have cyclized peptides with disulfide bridges in 
an attempt to provide a more constrained secondary structure (Tumelty et al., J. Ghent 
Soc 1067-68, 1994; Eichler et al, Peptide Res. 7:300-306, 1994). However, such 
cyclized peptides are generally still quite flexible and are poorly bioavailable, and thus 
have met with only limited success. 

More recently, non-peptide compounds have been developed which more 
closely mimic the secondary structure of reverse-turns found in biologically active 
proteins or peptides. For example, U.S. Pat No. 5,440,013 to Kahn and published PCT 
WO94/03494, PCT WO01/00210A1, and PCT WO01/16135A2 to Kahn these disclose 
conformationally constrained, non-peptidic compounds, which mimic die three- 
dimensional structure of reverse-turns. 

While significant advances have been made in the synthesis and identification 
of conformationally constrained, reverse-turn mimetics, there remains a need in die art 
for small molecules, which mimic the secondary structure of peptides. There has been 
also a need in die art for libraries containing such members, as well as techniques for 
synthesizing and screening the library members against targets of interest, particularly 
biological targets, to identify bioactive library members. For example U.S. Pat. No. 
5,929,237 and its continuation-in-part U.S. Pat No. 6,013,458 to Kahn also discloses 
conformationally constrained compounds which mimic the secondary structure of 
reverse-turn regions of biologically active peptides and proteins. 

The present invention also fulfills these needs, and provides further related 
advantages by providing confomationally constrained compounds which mimic the 
secondary structure of reverse-turn regions of biologically active peptides and proteins. 



SUMMARY OF THE INVENTION 



In brief; the present invention is directed to another type of conformational^ 
constrained compounds, which mimic the secondary structure of reverse-turn regions of 
biologically active peptides and proteins. This invention also discloses libraries 
containing such compounds, as well as the synthesis and screening thereof. 

The compounds of the present invention have the following general structure 

0): 




wherein A is -(CHR^)- or -(OOh B is -(CHR,)- or -(OO)-, D is -(CHR,)- or -{OOh 
B is -<ZR^ or -(00>, G is -JX&,\- 9 -(CH^HNR^, -(OOXXR,)-, or -(0=0)- , W 
is -Y(C=OK -{00)NB- > -(SO,)- or nothing, Y is oxygen or sulfur,. X and Z is 
independently nitrogen or CH, n^ or 1 ; and R,, R^ R^ R^ R^ R^ R,, R 8 and R* are the 
same or different and independently selected from an amino acid side chain moiety or 
derivative thereof, the remainder of the molecule, a linker and a solid support, and 
stereoisomers thereof. 

In the embodiment wherein A is -{CHR^, B is -(OO)-, D is -{CHR^, Bis- 
(OOK and Q is -(X&jX-, die compounds of this invention have the following 
structure (T): 




Wherein W, Y and n are as defined above, and R } , R^, Rg, R3 andR, are as defined in the 
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following detailed description. 

In the embodiment wherein A is -(OOK B is -{CHRJ D is -(O=0> ,Eis- 
and G is -(OOHXR,)-, the compounds of this invention have the following 

structure (I"): 



wherein W, Y and n are as defined above, Z is nitrogen or CH (when Z is CH, then X is 
nitrogen), and R, , R^, R* and R, are as defined b the following detailed description. 

hi the embodiment wherein A is -(OO)-, B is -(CHRJ-, D is -(OO)-, Eis- 
(ZR>, and G is (XR 7 V> the compounds of this invention have the following general 
structure (T): 



wherein W, Y and n are as defined above, Z is nitrogen or CH (when Z is nitrogen, then 
n is zero, and when Z is CH, then X is nitrogen and n is not zero), and R 1 ,R lJ R 4 ,R ( j and 
Rt, are as defined in the following detailed description. 

The present invention is also directed to libraries containing compounds of 
structure (I) above, as well as methods for synthesizing such libraries and methods for 
screening the same to identify biologically active compounds. Compositions c ontain ing 
a compound of this invention in combination with a pharmaceutically acceptable carrier 
or diluent are also disclosed. 

These and other aspects of this invention will be apparent upon reference to the 
attached figures and following detailed description. To this end, various references are 
set forth herein, which describe in more detail certain procedures, compounds and/or 
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compositions, and are incorporated by reference in their entirety. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to confbrmationaUy constrained compounds 
which mimic the secondary structure of reverse-turn regions of biological peptide and 
proteins (also referred to herein as "reverse-turn mimetics" and chemical libraries 
relating thereto. The reverse-turn mimetic structures of the present invention are 
useful as bioactive agents, including (but not limited to) use as diagnostic, prophylactic 
and/or therapeutic agents. The reverse-turn mimetic structure libraries of this 
invention are useful in the identification of such bioactive agents, hi the practice of 
the present invention, the libraries may contain from tens to hundreds to thousands (or 
greater) of individual reverse-turn structures (also referred to herein as "members"). 

In one aspect of the present invention, a reverse-turn mimetic structure is 
disclosed having the following structure (I): 




wherein A is -(CHR*)- or -(C=OK B is -(CHRJ- or -(OO)-, D is -(CHR*)- or -(00)-, 
E is-(ZR^ or-(0=OK Gis-{XR 7 V» -(CHR.HNRJ-, -(OOHXR.K or -(OO)- , W 
is -Y(00>, -(O0)NH- , -(SO.)- or nothing, Y is oxygen or sulfur, X and Z is 
independently nitrogen or CH, n=0 or 1; and R,, R^, Rj, R^ K i9 R,, R^ and R$ are the 
same or different and independently selected from an amino acid side chain moiety or 
derivative thereof; the remainder of the molecule, a linker and a solid support, and 
stereoisomers thereof 

More specifically, R„ R* R* R«, R* R* R,, R, and R,are independently 
selected from the group consisting of aminoC^alkyl, guanidinoC^alkyl, C,. 
4 alkyiguamojTOC w alkyl, diC M aIkylguanidm<><^alky^ amiamoC^alkyl.C,. 
^alkylainiaino^alkyl, cfiC,^aIkylaim^C^alkyl, C U3 alkoxy, Phenyl, substituted 
phenyUwhere me substituents are independently selected from one or more of amino, 
amidino, gnamdme, hydrazine, amidrazanyl, Q^alkylamino, C^alkylamino, halogen, 
perfluoro C^alkyl Cj^alkyl, C^alkoxy, nitro, carboxy, cyano, sulfuryl, or hydroxyl), 



benzyl, substituted benzyl (where the substituents on the benzyl are independently 
selected from one or more of amino, amidino, guanidino, hydrazine, amidrazonyl, C,. 
4 alkylammo, C^ialkylammo, halogen, perfluoro C M alkyi, C,. 3 alkoxy, nitro, carboxy, 
cyano, sulfuryl, or hydroxyl), naphthyl, substituted naphlhyl(where the substituents are 
independently selected from one or more of amino, amidino, guanidine, hydrazine, 
amidrazonyl, C M alkylamino, CMalkylamino, halogen, perfluoro C^alkyl, Cj^alkyl, 
C J4 alkoxy, nitro, carboxy, cyano, sulfuryl, or hydroxyl), bis-phenyi methyl, 
substituted bis-phenyl methyl(where the substituents axe independently selected from 
• one or more of amino, amidino, guanidine, hydrazine, amidrazonyl, C M alkylamino, C,_ 
4 dialkylamino, halogen, perfluoro C^alkyl, C^alkyl, Q^alkoxy, nitro, carboxy, cyano, 
sulfuryl, or hydroxyl), pyridyl, substituted pyridyl, (where the substituents are 
independently selected from one or more of amino amidino, guanidino, hydrazino, 
amidrazonyl, C,^alkylamino, C,^dialkylamino, halogen, perfluoro C M alkyl, Q^alkyl, 
C^aBcoxy, nitro, carboxy, cyano, sulfuryl, or hydroxyl ), pyridylC^alkyl, substituted 
pyridylC,^alkyl (where the pyridine substituents are independently selected from one or 
more of amino, amidino, guanidino, hydrazino, amidrazonyl, C M alkylammo, C,„ 
^dialkylamino, halogen, perfluoro C M aIkyl, C,^alkyl, C,. 3 aJkoxy, nitro, carboxy, cyano, 
sulfuryl, or hydroxyl), pyrimidylC, 4 alkyl, substituted pyrimidylC M alkyl (where die 
pyrimidine substituents are independently selected from one or more of amino, amidino, 
g u anidine, hydrazine, amidrazonyl, CMalkylamino, C M dialkylamino, halogen, 
perfluoro C M aIkyl, C M aBcyl, C jo alkoxy or nitro, carboxy, cyano, sulfuryl, or hydroxyl), 
triazh>2-yl-C M aIkyl, substituted triazin-2-yi-C^aIkyl (where the triazine substituents 
are independently selected from one or more of ammo, amidino, guanidine, hydrazine, 
amidrazonyl, Cj^alkylamino, Q^dialkylamino, halogen, perfluoro C M alkyi, C,^alkyl, 
C,^alkoxy, nitro, carboxy, cyano, sulfuryl, or hydroxyl), imidazoC w alkyi, substituted 
imidazol Chattel (where the imidazole sustituents are independently selected from one 
or more of amino, amidino, guanidine, hydrazine, amidrazonyl, C M alkylamino, C,. 
<dialkylamino, halogen, perfluoro CMalkyl, CMalkyl, C M alkoxy, nitro, carboxy, cyano, 
sulfuryl, or hydroxyl), inridazolinylQ^alkyl, N-amidinopiperamyl-N^^alkyl, 
hydroxyC^alkyl, Q^aIkylaminoC^ 5 aIkyl, hydroxyC^alkyl, C^alkylarninoC^alkyl, 
C^alkylaminoC^alkyl, N-amidinopiperidiiiylC M allcyl and ^aminocyclohexylG^ 
'.alkyL 

In one embodiment, R,, R^R^ of E, and Rj and R, of G are the same or 
different and represent the remainder of the compound, and R 3 of A, R, of B or R, of D 
is selected from an amino add side chain moiety or derivative thereof. As used herein, 
the term "remainder of die compound" means any moiety, agent, compound, support, 



molecule, linker, amino acid, peptide or protein covalently attached to the reverse-turn 
mimetic structure at R,, R,, R„ R, and/or positions. This tern also includes 
amino acid side chain moieties and derivatives thereof. , 

As used herein, the term "amino acid side chain moiety" represents any amino 
arid side chain moiety present in naturally occurring proteins including (but not limited 
to) the naturally occurring amino acid side chain moieties identified in Table 1. Other 
naturally occurring amino acid side chain moieties of this invention include (but are not 
limited to) the side chain moieties of 3^-dibromotyrosme, 3,5-diiodotyrosine, 
hydroxy lysine, ?-carboxyglutamaie, phosphotyrosine and phosphoserme. In addition, 
glycosylated amino acid side chains may also be used in the practice of this invention, 
including (but not limited to) glycosylated threonine, serine and asparagine. 

TABLE 1 
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Amino Acid Side Chain Moieties 



Amino Acid Side Chain Moiety 



-H 
-CH, 

-CH(Ciy, 

-CH.CHCCHj), 

^(CEyCHjCHj 

-(CHJ^NH,* 

- (CH 2 ) 3 NHC(NH 2 )NH I * 



— CH 2 - 



-CHjCOO- 
-CH^CHjCOa 
-CHjCONH, 
-CHjCHjCONH, 



NH 



— CH 2 - 




OH 



Amino Acid 



Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Lysine 

Aigjnme 



Histidine 
Aspartic acid 
Glutamic acid 



Glutamine 



Phenylalanine 



Tyrosine 
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Tryptophan 


-CHjSH 


Cysteine 


-CHjCHjSCHj 


Methionine 


-CHJOH 


Serine 


-CH(OH)CH 3 


Threonine 


XT 


Proline 


— HN 1 





Hydroxyproline 



hi addition to naturally occurring amino acid side chain moieties, the amino 
acid side chain moieties of the present invention also include various derivatives thereof. 
As used herein, a "derivative" of an amino acid side chain moiety includes 
modifications and/or variations to naturally occurring amino acid side chain moieties. 
For example, the amino add side chain moieties of alanine, valine, leucine, isoleucine 
and phenylalanine may generally be classified as lower chain alkyl, aryl, or arylalkyl 
moieties. Derivatives of amino acid side chain moieties include other straight chain or 
branched, cyclic or noncychc, substituted or unsubstituted, saturated or unsaturated 
lower chain alkyl, aryl or arylalkyl moieties. 

As used herein, "lower chain alkyl moieties" contain from 1-12 carbon atoms, 
"lower chain aryl moieties" contain from 6-12 carbon atoms and "lower chain aralkyl 
moieties" contain from 7-12 caxbon atoms. Thus, in one embodiment, the amino acid 
side chain derivative is selected from a C M2 alkyl, a C M aryl and a C^ n arylalkyl, and 
in a more preferred embodiment, from a alkyl, a C^ 0 aryl and a CVn arylalkyl. 

Amino side chain derivatives of this invention further include substituted 
derivatives of lower chain alkyl, aryl, and arylalkyl moieties, wherein the substituent is 
selected from (but are not limited to) one or more of the Mowing chemical moieties: * 
OH, -OR, -COOH, -COOR, -CONHj, -NHj, -NHR, -NRR, -SH, -SR, -SO^ -SO^H, - 
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SOR and halogen (including F, CI, Br and I), wherein each occurrence of R is 
independently selected from straight chain or branched, cyclic or noncyclic, substituted 
or unsubstituted, saturated or unsaturated lower chain alkyi, aiyl and aralkyt moieties. 
Moreover, cyclic lower chain alkyi, aryl and arylalkyl moieties of this invention include 
naphthalene, as well as heterocyclic compounds such as thiophene, pyrrole, furan, 
imidazole, oxazole, thiazole, pyrazole, 3-pyrroline, pyrrolidine, pyridine, pyrhnidine, 
purine, quinoline, isoquinoline and carbazole. Amino acid side chain derivatives further 
include heteroalkyl derivatives of die alkyi portion of the lower chain alkyi and aralkyl 
moieties, including (but not limited to) alky] and aralkyl phosphonates and sflanes. 

Representative R„ Rj, R^R^ R» R, and R, moieties specifically include (but 
are not limited to) -OH, -OR, -COR, -COOR, -CONHj, -CONR, -CONRR, -NHj, -NHR, 
-NRR, -S OjR and -COSR, wherein each occurrence of R is as defined above. 

In a further embodiment, and in addition to being an amino acid side chain 
moiety or derivative thereof (or the remainder of the compound in the case of R,, R,, Rj, 
R* R» R* and Rj»), R„ Ra, R 3 ,R 6 , R?, R, or R 9 may be a linker facilitating die linkage of 
the compound to another moiety or compound. For example, the compounds of this 
invention may be linked to one or more known compounds, such as biotm, for use in 
diagnostic or screening assay. Furthermore, R,, R^ R 5 ,R 6 ,R 7 , R, or R* may be a linker 
joining the compound to a solid support (such as a support used in solid phase peptide 
synthesis) or alternatively, may be die support itself. In this embodiment, linkage to 
another moiety or compound, or to a solid support, is preferable at theR,, R, or Re 
position, and more preferably at the R, or R, position. In the embodiment wherein A is - 
(CHRahB is-{C=OK Dis^CHRJ-, B is -(OO)-, G is-^V, the reverse turn 
mimetic compound of this invention have the following structure (T): 




wherein R|, Rj, Rg, R5, R,, W, X and n are as defined above. In a preferred 
embodiment, Rj, R^and R 7 represent the remainder of the compound, and or R,is 
selected from an amino acid side chain moiety. 

In the embodiment wherein A is -(OO)-, B is -(CHR<) -, D is -(OO)-, B is- 



(ZR«K G is -(C=0)-(XR 9 )-, the reverse turn mimetic compound of this invention have 
the following general structure (T): 




wherein R a> R,, R^, W and X are as defined above, Z is nitrogen or CH (when Z 
is CH, then X is nitrogen). In a preferred embodiment, R„ R^ , and represent the 
remainder of the compound, and R* is selected from an amino acid side chain moiety. 

In a more specific embodiment wherein A is -(00>, B is -{CHRJ-, D is - 
(OOK E is -(ZR^K G is (XRyX-, the reverse turn mimetic compound of this invention 
have the following structure (T): 



wherein R^ R> R*, R«, R* W, X and n are as defined above, and Z is nitrogen or CH 
(when Z is nitrogen, then n is zero, and when Z is CH, then X is nitrogen and n is not 
zero). In a preferred embodiment, R„ R^ and R, represent the remainder of the 
compound, and R* is selected from an amino add side chain moiety. In tins case, R* or 
R> may be selected from an amino acid side chain moiety when Z and X are CH, 
respectively. 

The reverse-turn mimetic structures of the present invention may be prepared 
by utilizing appropriate starting component molecules (hereinafter referred to as 
"component pieces"). Briefly, in the synthesis of reverse-turn mimetic structures 
having structure (T), first and second component pieces are coupled to form a combined 
first-second intermediate, if necessary, third and/or fourth component pieces are coupled 
to form a combined third-fourth intermediate (or, if commercially available, a single 
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third intermediate may be used), the combined first-second intermediate and third- 
fourth intermediate (or third intermediate) are then coupled to provide a first-second- 
third-fourth intermediate (or first-second-third intermediate) which is cyclized to yield 
the reverse-turn mimetic structures of this invention. Alternatively, the reverse-turn 
mimetic structures of structure (T) may be prepared by sequential coupling of the 
individual component pieces either stepwise in solution or by solid phase synthesis as 
commonly practiced in solid phase peptide synthesis. 

Within the context of the present invention, a "first component piece" has the 
following structure 1: 



wherein as defined above, and R is a protective group suitable for use in peptide 
synthesis. Suitable R groups include alkyl groups and, in a preferred embodiment, R is 
a methyl group. Such first component pieces may be readily synthesized by reductive 
anrination by displacement from CH(OR)j-CHj-Hal (wherein Hal means a halogen 
atomJHjN-R^ 

A "second component piece" of this invention has the following structure 2: 




where L, is carboxyl-activation group such as halogen atom, R, is as defined above, and 
P is an amino protective group suitable for use in peptide synthesis. Preferred protective 
groups include t-butyl dimethylsilyl (TBDMS), BOC, FMOC, and 
AUoc(allyloxycarbonyl). When L is -C(0)NHR, -NHR may be an carboxyl protective 
group. N-Protected amino adds are commercially available. For example, FMOC 
amino acids are available from a variety of sources. The conversion of these compounds 
to the second component pieces of this invention may be readily achieved by activation 
of the caiboxylic add group of the N-protected amino acid. Suitable activated 
caxboxylic acid groups include add halides where X is a halide such as chloride or 
bromide, add anhydrides where X is an acyl group such as acetyl, reactive esters such 
as an N-hydroxysucdnimide esters and pentafluorophenyl esters, and other activated 
intermediates such as the active intermediate formed in a coupling reaction using a 
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carbodiimide such as dicyclohexylcarbodiimide (DCC). 

In the case of the azido derivative of an amino acid serving as the second 
component piece, such compounds may be prepared from the corresponding amino acid 
by the reaction disclosed by Zaloom et al (J. Org. Chenu 46:5173-76, 1981). 



Alternatively, the first piece of the invention may have the following structure 

1': 



OR 

wherein R is as defined above and Lj is a leaving group such as halogen atom or tosyl 
group, and the second piece of the invention may have the following structure 2': 



whereinR^R* and Pare as defined above, 

A "third component piece" of this invention has the following structure 3a or 



where G, E, L, and Lj are as defined above. Suitable third component pieces are 
commercially available from a variety of sources or can be prepared by any known 
method in organic chemistry . 

More specifically, the reverse-turn mimetic structures of this invention of 
structure (T) are synthesized by reacting a first component piece with a second 
component piece to yield a combined first-second intermediate, followed by either 
reacting the combined first-second intermediate with third component pieces 
sequentially to provide a combined first-second-third-fourth intermediate, and then 
cyclizing this intermediate to yield the reverse-turn mimetic structure. 

The general synthesis of a reverse-turn having structure V may be synthesized 







12 



by the following technique. A first component piece 1 is coupled with a second 
component piece 2 by using coupling reagent such as phosgene to yield, after N- 
deprotection, a combined first-second intermediate 1-2 as illustrated below: 



(oonponmtpfceel) (component piece 2) . 



(corrpoDcnt piece 3) 




2. HOBT/DIC/DMF MoeHN^ ' 



RO^O 



whercb > *• R7 > Fm °c> Moc and X are as defined above, and Pol represents a 

polymeric support 

The syntheses of representative component pieces of this invention are 
described in Example 1. 

The reverse-turn mimetic structures of structures (T) through (T 5 ) may be 
made by techniques analogous to the modular wrnponent synthesis disclosed above, but 
with expropriate modifications to the component pieces. 

As mentioned above, the reverse-turn mimetics of USP 6,013,458 to Kahn are 
useful asbioactive agents, such as diagnostic prophylactic, and therapeutic agents. The 
opiate receptor binding activity of representative reverse-turn mimetics is presented in 
Example 9 of said USP 6,013,458, wherein the reverse-turn mimetics of this invention 
were found to effectively inhibit the binding of a radiolabeled enkephalin derivative to 
the 6 and u opiate receptors, of which data demonstrates the utility of these reverse- 
turn mimetics as receptor agonists and as potential analgesic agents. 

The reverse-turn mimetic structures of the present invention will be useful as 
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bioactive agents, such as diagnostic, prophylactic, and therapeutic agents. 

Therefore, since die compounds according to the present invention are of 
reverse-turn mimetic structures, it may be useful for modulating a cell signaling 
transcription factor related peptides in a warm-blooded animal, comprising 
administering to the animal an effective amount of the compound of formula (I). 

Further, the reverse- turn mimetic structures of the present invention may also 
be effective for inhibiting peptide binding to PTB domains in a warm-blooded animal; 
for modulating G protein coupled receptor (GFCR) and ion channel in a warm-blooded 
animal; for modulating cytokines in a warm-blooded animal. 

In another aspect of this invention, libraries containing reverse-turn mimetic 
structures of the present invention are disclosed. Once assembled, the libraries of the 
present invention may be screened to identify individual members having bioactivity. 
Such screening of die libraries for bioactive members may involve; for example, 
evaluating the binding activity of die members of the library or evaluating the effect the 
library members have on a functional assay. Screening is normally accomplished by 
contacting the library members (or a subset of library members) with a target of interest, . 
such as, for example, an antibody, enzyme, receptor or cell line. Library members, 
which are capable of interacting with the target of interest, are referred to herein as 
"bioactive library members" or "bioactive mimetics". For example, a bioactive mimetic 
may be a library member which is capable of binding to an antibody or receptor, which 
is capable of inhibiting an enzyme, or which is capable of eliciting or antagonizing a 
functional response associated, for example, with a cell line. In other words, the 
screening of the libraries of die present invention determines which library members are 
capable of interacting with one or more biological targets of interest Furthermore, when 
' interaction does occur, the bioactive mimetic (or mimetics) may then be identified from 
the library members. The identification of a single (or limited number) of bioactive 
mimetic(s) ftoin the library yields reverse-turn mimetic structures which are themselves 
biologically active, and thus useful as diagnostic, prophylactic or therapeutic agents, 
and may further be used to significantly advance identification of lead compounds in 
these fields* 

Synthesis of the peptide mimetics of the library of die present invention may be 
. accomplished using known peptide synthesis techniques, in combination with the first, 
second and third component pieces of this invention. More specifically, any amino acid 
sequence may be added to the N-tenninal and/or C-terminal of the conformational^ 
constrained reverse-turn mimetic To this end, the mimetics may be synthesized on a 
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solid support (such as PAM resin) by known techniques (see, e.g, John M. Stewart and 
Janis D. Young, Solid Phase Peptide Synthesis, 1984, Pierce Chemical Comp., Rockford, 
III) or on a sUyJ-linked resin by alcohol attachment (see Randolph et aL, / Am Chan. 
Soc 117:5712-14, 199S). 

In addition, a combmauon of bom solution and solid phase synthesis 
techniques may be utilized to synthesize the peptide mimetics of this invention. For 
example, a solid support may be utilized to synthesize the linear peptide sequence up to 
the point that the confonnationally constrained reverse-turn is added to the sequence. 
A suitable corifbrmationally constrained reverse-turn mimetic structures which has been 
previously synthesized by solution synthesis techniques may then be added as the next 
"amino acid" to the solid phase synthesis (i.e., the confonnationally constrained reverse- 
turn mimetic, which has both an N-terminus and a C-terminus, may be utilized as the 
next amino acid to be added to the linear peptide). Upon incorporation of the 
conformational^ constrained reverse-turn mimetic structures into the sequence, 
additional amino acids may then be added to complete the peptide bound to the solid 
support Alternatively, the linear N-tenmnns and C-tenninus protected peptide 
sequences may be synthesized on a solid support, removed fiom the support, and then 
coupled to the cordbrmationalry constrained reverse-turn mimetic structures in solution 



m another aspect of this invention, methods for constructing the libraries are 
disclosed. Traditional combinatorial chemistry techniques (see, eg., Gallop et aL, 7. 
Med Chem. 37:1233-1251, 1994) permit a vast number of compounds to be rapidly 
prepared by the sequential combination of reagents to a basic molecular scaffold. 
Combinatorial techniques have been used to construct peptide libraries derived fiom the 
naturally occurring amino acids. For example, by taking 20 mixtures of 20 suitably 
protected and different amino acids and coupling each with one of the 20 amino adds, a 
library of 400 (Le., 20 1 ) dipeptides is created. Repeating the procedure seven times 
results in the preparation of a peptide library comprised of about 26 billion (Le, 2(f) 
octapep tides. 

In a further aspect of this invention, methods for screening the libraries for 
bioactivity and isolating bioactive library members are disclosed. The libraries of the 
present invention may be screened for bioactivity by a variety of techniques and 
methods. Generally, the screening assay may be performed by (1) contacting a library 
wim a biological target of interest, such as a receptor, and allowing binding to occur 
between the mimetics of the horary and the target, and (2) detecting the landing event 
by an appropriate assay, such as by the calorimetric assay disclosed by Lam et aL 
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(Nature 354:82-84, 15)91) or Grinrinski et al. biotechnology 12:1008-1011, 1994) (both 
of which are incorporated herein by reference). In a preferred embodiment, the library 
membere are in solution and the target is immobilized on a solid phase. Alternatively, 
the library may be immobilized on a solid phase and may be probed .by contacting it 
with the target in solution. 

The following examples are provided for purposes of illustration, not limitation. 

EXAMPLES 
Example 1 

(1) Preparation of A^-Moc-A^-benzyl-hydrazinoglycine 



This compound was prepared according to literature procedure. (CheguiUaume 
etal,$«fett2000,3,331) 



(2) Preparation on-Metoo^carbonyM,8-dibenz>1-^m^ 
pyradnop^-c][lA4]tria!dne 





Ms 




1 HOTT/MOTSMF MocIDl 
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The bromoacetal resin (60 mg, 0.98 mmol/g) and a solution of benzyl amine in 
DMSO (2.5 ml, 2 M) were placed in vial with screw cap. The reaction mixture was 
shaken at 60 T using rotating oven [Robbins Scientific] for 12 h. The resin was 
collected by filtration, and washed with DMF, then DGM 

A solution of Fmoc-alamne (4 equiv.), HATU [PerSeptive Biosystems] (4 
equiv,), and DIBA (4 equiv.) in NMP (Advanced OiemTech) was added to the resin. 
After the reaction mixture was shaken for 4 h at room temperature, the resin was 
collected by filtration and washed with DMF, DCM, and thai DMF. 

To the resin was added 20% piperidine in DMF. After the reaction mixture was 
shaken for 8 mm at room temperature, the resin was collected by filtration and washed 
with DMF, DCM, and then DMR 

A solution of //-Moc-^-benzyl-hydrazinoglycine (4 equiv.), HOBT 
[Advanced ChemTech] (4 equiv.), and DIC (4 equiv.) in DMF was added to die resin 
prepared above. After the reaction mixture was shaken for 3 h at room temperature, the 
resin was collected by filtration and washed with DMF, DCM, and then MeOR The 
resin was dried in vacuo at room temperature 

The resin was treated with formic acid (25 ml) for 18 hat room temperature. 
After the resin was removed by filtration, the filtrate was condensed under reduced 
pressure to give the product as an oil 

JH NMR (400 MHz, CDClj) 8 ppm; LSI (d, 3H), 2.99 (m, 1H), 3.39 (d, 1H), 3.69 (m, 
1H), 3.75 (m, 1H), 3.82 (s, 3H), 4.02(d, 1H), 4.24 (d, 1H), 4.39 (d, 1H), 4.75 (d, 1H), 
5.14 (q, 1H), 5.58 (dd, 1H), 7.10-738 (m, 10H). 

Example 2 

(1) Preparation of AT-Fmoc^methyl-hydrazfaiocarbonyl chloride 




An ice-cooled triphasic mature of N-Methyl hydrazine caiboxylic acid 9H- 
Fluoren-9-yhnethyl ester (107 mg, 0.4 mmol) in 15 ml of CH^Clj and 15 ml of saturated 
aq. NaHCOj was rapidly stirred while a 1.93 M phosgene in toluene (1.03 ml, 2 mmol) 
was added as a single portion. The reaction mixture was stirred for 30 min, the organic 
phase was collected, and the aqueous phase was extracted with CH^. The combined 
organic layers were dried over MgSO«, filtered, and concentrated under reduced 
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pressure to afford 128 mg (97 %) of carbamoyl chloride as a foamy solid. [Caution: 
Phosgene vapor is highly toxic-use hood] This product was used for the following solid 
phase synthesis without further purification. 



(2) Preparation of 2>Dimetbyl-7-benzyl-3,6-dioxo-hexahydro-[l ,2,4]triazolo[4,5- 
a]pyrazine-l-carboxylic acid benzylamide 



The bromoacetal resin (30 mg, 0.98 mmol/g) and a solution of benzyl amine in 
DMSO (1.5 ml, 2 M) were placed in vial with screw cap. The reaction mixture was 
shaken at 60 °C using rotating oven [Robbins Scientific] for 12 h. The resin was 
collected by filtration, and washed with DMF, then DCM. 

A solution of Fmoo-alanme (3 equiv.),' HATU [PerSeptive Biosystems] (3 
equiv.), and DIEA (3 equiv.) in NMP (Advanced ChemTech) was added to die resin. 
After the reaction mixture was shaken for 4 h at room temperature, the resin was 
collected by filtration and washed with DMF, DCM, and then DMF. 

To the resin was added 20% piped dine in DMF. After the reaction mixture was 
shaken for 8 min at room temperature, the resin was collected by filtration and washed 
with DMF, DCM, and then DMF. 

A solution of JV'-Fmoc-W'-methyl-hydrazinocarbonyl chloride (5 equiv.) 
obtained in the above step (1), DIEA (5 equiv.) in DCM was added to the resin prepared 
above. After the reaction mixture was shaken for 4 h at room temperature, the resin was 
collected by filtration and washed with DMF, DCM, and DMF. 

To the resin was added 20% piperidine in DMF (10 ml for I g of the resin). 




EHEA/DCM 
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After the reaction mixture was shaken for 8 min at room temperature, the resin was 
collected by filtration and washed with DMF, DGM, and then DMF. 

The resin was treated with a mixture of benzyl isocyanate (4 equiv.) and DIEA 
(4 equiv.) in DGM for 4 h at room temperature. Then, the resin was collected by 
Alteration and washed with DMF, DCM, and then MeOH. The resin was dried in vacuo 
at room temperature. 

The resin was treated with formic acid for 14 h at room temperature. After 
the resin was removed by filtration, the filtrate was condensed under reduced pressure 
to give the product as an oiL 

l H NMR (400 MHz, CDCI3) 5 ppm; L48 (d, 3H), 2.98 (s, 3H), 3.18 (m, 1H), 
3.46 (m, 1H), 437-4.74 (m, 5H), 5.66 (dd, 1H), 6.18 (m, 1HX 7.10-7.40 (m, 10H). 

Example 3: Preparation of 2,5J-TYime%l-3,6-dioxo^ 
p a]pyraziiie-l-carboxylic acid benzylamide 

The title compound is prepared according to the same procedure with Example 

m 2. 

N 

O 'H NMR (400 MHz, CDCy 8 ppm; 1.48 (d, 3H), 2.99 (s, 3H), 3.03(s f 3H), 

• 3 38 (m, 1H), 3.53 (dd, 1HX 4.36 (dd, 1H), 4.52 (q, 1HX 439 (dd, 1H), 5.72 (dd, 1H), 

q 6.19 (br.t, 1H), 7.10-738 (m, 5H). 

q It will be appreciated that, although specific embodiments of the invention 

\a have been described herein for the purposes of illustration, various modifications may 

be made without departing from the spirit and scope of the invention. Accordingly, the 

invention is not limited except by the appended claims. 
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We claim: 

1. A compound having the following general structure (I): 



w 




wherein A is -{CHRJ- or -(CO)-, B is -(CHR*)-, -(00>, D is -{CHRJ- or -{OOK 
E is -(ZRJ-, -(OOK G is -(XR,),-, -(CHR 7 >(NR 8 )., -(OOKXiy-, or -(CM» , W is 
-Y(OOK -(O0)NH- t -(SO.)- or nothing, Y is oxygen or sulfur, X and Z is 
independently nitrogen or CH, n=0 or 1; andR 1> R 2 ,R^R,,R 5 ,R to R 7 ,R, a ndR 9 arethe 
same or different and independently selected from an amino acid side chain moiety or 
derivative thereof the remainder of the molecule, a linker and a solid support, and 
stereoisomers thereof 

2. The compound ofclaiml, wherein R,, R* Ra, R* R* R* R* R, and Rjare 
independently selected from the group consisting of aminoC^alkyl, guanidinoC^alkyl, 
CwalkylguamdhwCwalkyl, diQ^alkylguanidino^^a^ amidmoC 3 ^alkyI,C I . 
^lamidinoCwallQrl, diCnallcylamidinoCwalkyl, C^alkoxy, Phenyl, substituted 
phenyl(whcre the subsdtuents are independently selected from one or more of amino, 
amidino, guamdine, hydrazine, amidrazonyl, C^alkylamino, C M dialkylamino, halogen, 
perfluoro C 1 ^alkyl, C M alkyl, C^alkoxy, nitro, carboxy, cyano, sulfuryl, or hydroxy^ 
benzyl, substituted benzyl (where the substituents on the benzyl are independently 
selected from one or more of amino, amidino, guanidino, hydrazino, amidrazonyl, C,. 
4 aUcylamino, Q^dialkylamino, halogen, perfluoro CMalkyl, C w alkoxy, nitro, carboxy, 
cyano, sulfuryl, or hydroxy^ naphthyl, substituted naphthyl(where the substituents are 
independently selected from one or more of amino, amidino, guamdine, hydrazine, 
amidrazonyl, C^alkylamino, C M diaIkylammo, halogen, perfluoro CMalkyl, Q^alkyl, 
C w alkoxy, nitro, carboxy, cyano, sulfuryl or hydroxy!), bis-phenjd methyl, 
substituted bisi>henyl methyl(where the substituents are independently selected from 
one or more of amino, amidino, guamdine, hydrazine, amidrazonyl, Q^alkylamino, C,. 
^dialkylamino, halogen, perfluoro C w alkyl, C M alkyl, C 10 alkoxy, nitro, carboxy, cyano, 
sulfuryl, or hydroxyl), pyridyl, substituted pyridyl, (where the substituents are 
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independently selected from one or more of amino amidino, guanidino, bydrazino, 
amidrazonyl, C M aJkylamino, C^dialkylamino, halogen, perfluoro C M aIkyl, C M alkyl, 
C M alkoxy, nitro, caiboxy, cyano, sulfaryl, or hydroxyl ), pyridylC,^alkyl, substituted 
pyridylCj^aDcyl (where the pyridine substituents arc independently selected from one or 
more of amino, amidino, guanidino, hydrazino, amidrazonyl, C M alkylamino, C,. 
4 dialkylamino, halogen, perfluoro C M aIkyl, C M alkyl, C^alkoxy, nitro, carboxy, cyano, 
sulfaiyl, or hydroxyl), pyrimidylC M alkyl, substituted pyrimidylC M alkyl (where the 
pyrimidme substituents are independently selected from one or more of amino, amidino, 
guanidine, hydrazine, amidrazonyl, C,>Dcylamino, C^dialkylamino, halogen, 
perfluoro C M alkyI, C,^alkyl, C,. 3 aIkoxy or nitro, caiboxy, cyano, sulfaiyl, or hydroxyl), 
triazm-2-yl^ 4 aIkyl, substituted triazm^-yl-^alkyl (where the triazine substituents 
are independently selected from one or more of amino, amidino, guanidine, hydrazine, 
amidrazonyl, C M alkylamino, C,^dialkylainino, halogen, perfluoro C M alkyl, CMalkyl, 
C M aIkDxy, nitro, caiboxy, cyano, sulfaiyl, or hydroxyl), imidazoQ^alkyl, substituted 
imidazol C M afld (where the imidazole sustituents are independently selected fiom one 
or more of amino, amidino, guanidine, hydrazine, amidrazonyl, C M aJkylamino, C,_ 
<dialkylainin0, halogen, perfluoro C M aIkyl, Q^alkyl, C,. 3 alkoxy, nitro, caiboxy, cyano, 
sulfaiyl, or hydroxyl), imidazolinylC^alkyl, N-amib^piperazinyl-NX (M alkyl, 
hydroxyC^salkyl, C^aD^laminoC^alkyl, hydroxyQwalkyl, Cj.jalkylaininoC^alkyl, 
Q.jdialkjdanMnoQ^al^rl, N-amidinc^iperidinylC M alkyl and 4-aminocyclohexylCo. 
aalkyl; 

3. The compound of claim I wherein A is -(CHRJ-, B is -(O0>, D is - 
(CHRJ-, E is -(OOK G is -(XR,Xr, and the compound has the following general 
structure (T): 

**\ 

w 




Rs o 

whereto R,, R^ R^R^R^W.X and n are as defined m claim 1. 

4. The compoiimi of claim 1 wherein A is -((M)K B is -(CHRJ -, Dis- 



21 



(OOK E is G is -<C=OHXR,). and the compound has the following general 

structure (F): 




wherein RuR^R^R^R^WandXareas defined in claim 1, Z is nitrogen or CH 
(when Z is CH, then X is nitrogen). 

5. The compound of claim 1 wherein A is -(OOK B is -{CHR*)-, D is - 
(OO)-, B is -{ZR^, G is (XR,)^ and the compound has the foUowing general 
structure (T): 




wherein Ri > R* R* R^ R?, W, X and n are as defined in claim 1, and Z is nitrogen or CH 
(when Z is nitrogen, then n is zero, and when Z is CH, then X is nitrogen and n is not 
zero). 

6. Thecong>ouiuiofanyoneofclai^ 

R* R^ R« or R* is joined to a solid support or solid support derivatives. 

7. A library of compounds, comprising at least one compound of any one of 
claims 1 through 5 

8. A pharmaceutical composition comprising a compound of claim 1 and 
pharmaceutical^ acceptable carrier: 
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9. A method of identifying a biologically active compound, comprising 
contacting the library of claim 8 with a target to detect or screen the biologically active 
compound. 
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ABSTRACT 

, Confonnationally constrained compounds which mimic the secondary structure of 

reverse-turn regions of biologically active peptides and proteins arc disclosed. Such 
reverse-turn mimetic structures have utility over a wide range of fields, including use as 
diagnostic and therapeutic agents. Libraries containing the reverse-turn mimetic 
structures of mis invention are also disclosed as well as methods for screening the same 
to identify biologically active members. 
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DECLARATION AND POWER OF ATTORNEY Attorney Docket No.: 37058-0008 

Serial No.: not assigned 



As the below named inventors, we hereby declare that 

Oar residence and post office addresses and our citizenships are as stated below next to our names. 

We believe that we are the original, first and joint inventors of the subj ect matter which is claimed and 
for which a patent is sought on the invention entitled REVERSE-TURN MIMETICS AND 
METHOD RELATING THERETO, the specification of which is being filed in the USPTO 
herewith* 

We hereby state that we have reviewed and understand the contents of die above-identified 
specification, including the claims, as amended by any amendments) referred to above. 

O We acknowledge the duty to disclose information which is material to the examination of this 

|S appKcationandtopafcmt^^ 

N We hereby claim foreign priority benefits under Tide 35, United States Code §1 19 of any foreign 

*jj applications) for patent or inventor's certificate listed below and have also identified below any 

^1 foreign application for patent or inventors certificate having a fiEng date before that of the application 

P on which priority is claimed: None. 

U We . h « h y cia ^ m benefit under Title 35, United States Code §120 of any United States 

□ application^) listed below and, insofar as the subject matter of each of the claims of this application is 

N- not disclosed in the prior United States application in die manner provided by the first paragraph of 

fU Title 35, United States Code §112, we acknowledge the duty to disclose material information as 

B defined in Title 37, Code of Federal Regulations § 1 .56, which occurred between the filing date of the 

" prior application and the national or PCT international filing date of this application. 

We hereby declare under penalty of perjury under the tews of the United States of America that all 
statements made herein of our own knowledge are true and that all statements made on information 
and beKefarebeheved tote 

willful false statements and the like so made are punishable by fine or imprisonment, or both, under 
Title 18, United States Code §1001 and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 
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